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ABSTRACT 

Two types of aircraft, the CV-2 "Caribou" and the CH-47 
"Chinook", are presently available for medical evacuation of rela- 
tively large loads (14 and 24 litters respectively) from minimally 
prepared landing sites. This report indicates maximum rigging times 
for conversion of these aircraft to ambulance use, optimal crew sizes 
for minimum loading times, and some suggestions for loading methods 
and design of future large medical evacuation aircraft. 
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LOADI NG OF LITTER PATI ENTS IN ARMY AIRCRAFT 

INTRODUCTION 

Two types of alrcraft are presently available for evacuation of relatively 
large loads of norl-ambulatory wounded from minimally prepared landing sites. These 
aircraft are the fixed wing CV-2 (Caribou), which can carry 14 litters, and the 
rotary wing CH-47 (Chinook), which can carry 24 litters. 

The purpose of this report isto indi'cate the expected rigging time neces- 
sary to convert these aircraft to air ambulance use and the Subsequent loading times 
under idealized conditions. This information is intended to produce guidelines for 
management of patient loading of these aircraft and suggest design changes for future 
aircraft. Variables suchas size and experience of loading crews and order of l i t ter 
placement were evaluated. 

RIGGING TIME 

Litters are supported i n  both aircraft by means of a post and strap arrange- 
ment similar to that shown inFigure 1.  Support on the aisle slde of the litters is 
provided b~y straps wlth brackets which can be locked onto the l i t ter poles. These 
straps are stored in compartments in the cabin ceiling when not in use. Support on 
the wall side of the litters is p r0vided by lightweight metal posts which are also 
equipped withbrackets for the l i t ter poles. The posts can be left in place for most 
cargo carrying missions but must be removed and stowed before the troop seats can 
be used. ,~ 

Initial installation of the straps (including attachment of the straps to 
the ceillng support and adjustment of the posltion of the l i t ter pole brackets on the 
straps) requires not more than 2.5 minutes per strap. Once this initial installation 
has been performed in a given aircraft it takes not more than 0.6 minutes to unstow 
and rlg each strap far use. It takes not more than 0.3 minutes to unstow and rig 
each post for use. Thus, after init ial installation, the CH-47 can be rigged for 
litters by one man in about 11 minutes and the CV-2 can be rigged in about 8 min- 
utes. These estlmates assume that troop seats are stowed, that the aircraft is sta- 
tionary, and that it is cleared of all cargo. The man dolng the rlgging is assumed 
to possess no more than average intelligence or manual dexterity and to have no 
prior training other than a demonstration of the method of rigging one strap and one 
post. 
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Figure 1 
CH-47 "Chinook" with Litters in Place 



LITTER PLACEMENT 

Standard l i t ter loading procedure calls for brackets on the straps to be 
placed so that the open side of the bracket faces the l i t ter (See Figure 1). Some 
experienced medical personnel have advocated reversing the bracket so that the 
open side (which holds the l i t ter pole) is facing away from the l i t ter.  This arrange- 
ment is said to make rapid placement of the litters easier. Experimental use of 
both arrangements indicated that (a~ l i t ter support is equally secure in either case, 
(b) there are moderate-to-strong preference among individuals for both methods, 
and (c) there is no significant difference in loading speed between the two methods. 
it was concluded that individual crews may be permitted to use whichever technique 
they prefer. 

Litters are generally installed beginning with the topmost l i t ter with 
other litters being successively placed in the next lower position. This method 
reduces the chance that a patient might be injured by an unsecured l i t ter being 
dropped on him from above. The method also has the advantage that the l i t ter 
bearers can get directly under the topmost l i t ter while placing it in position. Other- 
wise, the top l i t ter is at a level which makes manipulation extremely di f f icul t  and 
which might lead to injury of l i t ter bearers from improper load handling techniques. 
Unfortunately the "top to bottom" method also puts the l i t ter bearers at a disadvan- 
tage in installing the fourth l i t ter. This bottom l i t ter must be pushed in under the 
third l i tter at near-floor level. A suggested alternative to the "top-to-bottom" 
method is placement of the bottom l i t ter prior to installation of the third l i tter. This 
modified method allows room for the l i t ter bearers to bend down directly over the 
bottom l i t ter as they install it rather than having to l i f t  it into place at arms length. 
It was thought that the third l i t ter was at such a level that it could be well controlled 
by the bearers during installation, minimizing chance of injury of the occupant of 
the fourth l i t ter. Experimental evaluation of this modification however indicated 
no significant improvement in time or reported ease in l i t ter placement, it is 
therefore recommended that the standard procedure be retained. 

The outside (strap) support has a tension adjustment near the floor. It 
is necessary to release tension in the strap in order to disconnect the strap for 
stowage. It is recommended that these straps be left loose during the rigging and 
be tightened only after the last l i t ter of each section of four is installed. Straps 
which are loose during l i t ter installation provide adequate support for litters as 
long as the aircraft is stationary. At the same time, loose straps greatly simplify 
the job of installing lower litters since the straps may be easily pushed aside as the 
l i t ter is placed in position. The straps should be tightened as soon as the fourth 
and lowest l i t ter is secured. 
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"Experienced" crews of 1, 2 and 3 teams showed l i t t le fatigue effect 
(defined as systematic increases in round-trip time for a given team) in the time nec- 
essary to load the CV-2. Round trip time was relat ively stable throughout the study 
for all experienced crews. Mean time between placements was reduced to a mini- 
mum of about .5 min. for the 3 team crew. Further reduction is probably not possible 
since crowding in the aisle prevents simultaneous placements of litters. 

Fatigue effects were more noticeable in the "inexperienced" personnel. 
Round trip time for one 2-man crew increased from about 1 min. to 3.5 min. on the 
12th load at which time one of the l i t ter bearers collapsed. With 2 or more crews 
fatique effects were negligible. Typical results are shown in Table 1. With increased 

# Total Time Lag Time 5 Round Trip Time 6 
Teams (ml n) (mi n) (mi n) 

1CV-2 2CV-2" 3CH-47 CV-2 CV-2* CH-47 CV-2 CV-2* CH-47 

I 31.0 12.9 - 2 . 3  1 . 0  - 2.3 1.0 - 

2 13.1 7.2 8.5 0.8 0.7 0.3 1.9 1.3 0.7 

3 9°2 7.8 6.8 0.6 0.5 0.3 1.7 1.7 0.8 

4 10.3 - 6.2 0.5 - 0.2 3.0 - 0.9 

5 8.2 - 6.8 0.5 - 0.2 3.0 - 1.3 

Table 1 
Summary of Typical Data 

Notes: 1. For 14 litters loaded by inexperienced personnel in the CV-2 with 
no inside helpers after 50 ft carry. 

2. For 14 litters loaded by experienced personnel in the CV-2 with no 
inside helpers after 50 ft carry. 

3. For 24 litters loaded by inexperienced personnel in the CH-47 with 
2 inside helpers after 75 ft carry. 

4. Al l  aircraft were rigged for litters at start. 
5. Average time between successive l i t ter placements, including time 

for securing. 
6. Average time per team from pickup of l i t ter at loading llne until return 

to loading line for the next load. 

*CV-2  experienced personnel - no inside helpers 
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numbers of teams the lag time between completed placements decreases asymptotlcally 
to some fixed value determined by the minimum time necessary to fit a litter in place 
and secure it. The mean round trip time is identical with the mean lag time for a 
1 team crew. With increased numbers of teams the mean round trip time may make 
slight decreases since the fatigue effect (which tends to lengthen the time of the last 
few trips and hence the average time) is eliminated. Ultlmately~ however, the round 
trip time must increase as a result of querying when teams must wait for another team 
to secure a litter and remove themselves from the aircraft. As mentioned above, there 
is no point in having more teams than are necessary to insure that another l itter wil l  
arrive as soon as each litter is secured. Minimum total loading time wil l  occur when 
each litter team has to wait for a very short period of time prior to emplacing their 
l i t ter. Nothing is gained by having more l itter teams than this minimum as these 
added teams simply wait longer to get into the aircraft. 

It was clear from the CV-2 portlon of the study that the major hindrance 
to minimizing total loading time was the time necessary for the placement and se- 
curing of each litter. Therefore an "inside" 2-man team was added for the CH-47 
portion of the study. The job of these men was to secure each l i t ter after it was em- 
placed by an "outside" or carrying team. Since these 2 men did not have to enter 
or leave the aircraft while they worked, they caused only minor added crowding in 
the aisle. The addition of these men decreased the asymptotic lag time to about .24 
min., a value less than half of that for unaided securing of litters. This reduction in 
lag time in turn allowed more litter teams to be effectively added and contributed to 
24 litters being loaded on the CH-47 in less time than 14 on the CV-2 (see Table 1). 
The presence of a second exit which allowed a straight-through traffic pattern in the 
CH-47 also contributed to the decrease in total loading time however. 

The use of the securing team is thus not the sole cause of this added effi- 
ciency. The crew sizes and times indicated in Table 1 should be considered only 
as guidelines for local determination of optimal crew slzes and maximum loading 
times which might be expected for these aircraft under ideal conditions. Notice in 
Table 1 that addit|on of the inside team and a "straight-through" traffic flow in the 
CH-47 results in a continuously increasing round trip time as more teams are added 
as opposed to the nonlinear change for inexperienced bearers in the CV-2. 

The followlng general rules are suggested For minimizing crew sizes and 
loading times: 

1. Reduce carrying distance to the minimum safe distance. 

2. i f  possible, use one aircraft door for entrance and another 
for exit of bearers. 
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